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The invention relates to a method for detecting single base pair mismatches in nucleic acids, such as genomic DNA. 
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d«.cti^ -"Won. i„ 

««oa can ,,„,^,^ ^„ ^^^^ ^ 

10 a •pacific »lt«. 



"... P.ir i„ ^^^^^^ 

P.ir .is«tch.. ^ 

x^Ucation. i„ ^ 

medicine. Por exannle ^ 

«canpie, single base mutations at 
codons 12, 13 OT fii 

or 61 Of one of the three ^ ge„ea 

occur in a significant number of huM« ^ 

uwsez- or ntaan cancers, the 

mcldanc. -am, to^ ^ „ 
th. „o»,. tha colon an. „o», , 

in thyroid tu«r. ,50%, and In i^alold l.„j„.ia 
(30.). BO. „_ ^ 

»n.ld.r«.l. of h^n ,.„.tic di...... 

to =au.«. by point station for 
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mi-eritance in m«» by v.A. KcKusiek) . 
in . 

that yields a less fit »ik->4 4. ^ 

fit, albeit functional, gene 
product? or can resui*- 

^'^ * deleterious allele 

which could aff'ftrH- 4.W 

affect the survival of the host 

organism. 

e««tiv«y n«.tr.i ^ ^^^^ 

popuUtt«. ..t„™^i.y, ^„ ^ „ 
Pcl,«rphi„ „ ^^^^ 

P»«l„t alleie or th. .u«. ^ ^ ^ 

=""t i„ a population i. i.„i,„„ „ ^ ^^^^ 

*»P«^1«.. .in,u ba« .„i«it«tio„. «.t 

r«»c. ti» ritn... Of o.^i„ ^ e^,^ 
ta.o™ a. station.. ,„ ^ 

»tat. or that hav. r..uc«. p.n.tr««. or dalayad 
«P~i.io., it ,o«za b«„,iclal to have th. 
exility o, .ua^i^ „ i<Unti,yi„, th. alii. 
25 e.rri«l by the target or,«,i„. 

<i.t«:tio„ o, .i„,i. b... ^ ^ 

-y a variety ot t^i^„. Tor 
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restriction fragment lenert-K « , 

y sht: length p lyaorphisn results 

fro» alterations in the recognition sequence of a 
restriction endonuclease. The discovery of a 
restriction fraoment 
«. di„„o,ls ,ic.l. C.XX 

«=c^Ui.n Sit. o£ restrlctlcn «ao„u=U..„ 
9«.raxiy ^^^^ ^^^^ 

Of restriction ««c„«ol..„. .p„i„, 
" uni^. r.cc^itio„ .it.. ^ th. r«o,„itic„ .if., 
« <.r,«,i..a r«d«iy i„ th. ^ 
di3tribut«i .t . tr«^.„.y corr.l.t., with th. 
nu^.r Of b... p.i„ i„ ^ r.«rtctio„ sit.. 

THu., only a mn portion of fh. 

FwjTi^ion Of the genome is 

15 «onitor.d by «,y on. 

*"otb.r ^ ,„ 
.ub.titution i. dir.=t ..^.„oin, o, . n^l.i. .oid 
*«> Pr.v.l«,t Mthod. .r. tb. 
H.««/Gilb«t «thod ,H«., . Gilfrt (l,.o, Httlu 
2» EDi.. 65, tb. did.«^ ^ 

« (X97„ itau. iai. SSI., 74, 

"«-".7, . wtbougb tb. u.. o, tb. poiy™„„ 
ctain r..etion (PCR, ,s.iM .t .i. 

'«iliiat. «„„cin,, dir«t 
« 9«. .«r>.ncin, r«.i„ , ^^^^^^ 

tedious means. 

B.O.U.. .u««tcbe. ott«, O.U.. .„o«lou. 
-"'"Ity o, n„cl.i= ,cid ,„,«nt. in 
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'-^^f"") 155. 

""'""^ fro. wu. t„. 

mtant ,„„ or from , . 

a sample with a 

toother Mthod" for d.t«<!»4™ 
"Sins SHU. A (My«ni « ^ m,,,, , . 

'cr . 
^ybriaa^ .o ter,.. m or 0» « ^ 

structur.. .n^ ol««. « ^ 

ot . «l™tch. „po„ .l«trophor..u „M.r 
^t„i„ conditio™, ti- .i^^ ^ 

ti. pr„.„„ Of „ucl.ic «id fr,^,^ .„ 
aun th. fuii d„pi„. H^,. ^ 

»«. A ^od i. not d«i,iti,. or «„uiv. 
" "*^"°*"" " ^= ««n ..^i.,. 

»»»a.„ approaoh roli,. on t». in...biltty of 
**lex„ co.pri.in, „ oit,on«l.otido, .« f„ 
«-PU Connor « .1. <ta^ ^MO^ ^ ^ 

• --^l— «. .t^u oniy 

w«i dofin^, .y.ridi«tion conditions, 
»«»r.lly involvin, „it co„c«,tr.tion of th. 
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hybridization solution ann * 

" temperature. Thus, an 
olag nucleotide which ie - 

" ° apleaentary except for 
a Single mismatch may not remain hybridized to a 
target seguence i. the hybridization conditions are 
not optimized. That «tionale enables the 
detection of mismatches by hybridizing an 

oligonucleotide to a * 

* *«»^«t sequence and 

determining whether a ei-»Ki 

«er a stable duplex molecule 

results. 
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* "~.r «thc. r.u,. „„ 

«ti.,d. ttat „1, „ oU,cnucX.oti<,.., 
=on«„tr.tic„ „ hy.ri<ii„tio„ .„ 

enzyme added relative to tho »»» 

«tive to the ONA concentration. 

»~«.r ^od r.u.. c„ poly..r... ch.i„ 
r«ctl,n -pil„«ticn ,t sp^Uia oU,.„u=X.ot«e 

primers, see for example eh«h.K * 

*«npie Chehab et al. (1987) 

3„, ^. ^^^^^ 

.o™.t.,e. cf „,t „^i,i^ . 

" is r.^i«d ro. restriction fr.,«„t l.„gth 
«iy«i5, and is „re rapid, than for 
«a^U, th. us. o, aXioi-spacttic oXigonucXaotid. 
'.yoridi.ation. Purtner^ora, th. „thod doas not 
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require the use of radioactive labels, wu et al 
(»89, liati. ASad. ssi., 86, 2757-2760. 

Each Of the kn wn prior art methods for 
detecting single base pair „is»atches has 
S Shortcomings. Hybridisation and luiase assays 
occasionally give false positive or false negative 
results due to high background or poor enzyme 
specificity. Methods relying on the use of 
Oligonucleotides require carefully controlled 
10 hybridization conditions. The use of 
allele-specific oligonucleotides also requires 
finely tuned conditions as one of the pair of pcr 
primers must be perfectly matched and the other 
because of one or more mi«oatche., must not 
hybridize for discrimination to be possible. 
Methods that rely on pcr can have contamination 
problems and some mismatches can form base pairs 
thereby producing false results. drx sequencing 
cannot detect a base change in a DHA sample which 
xs contaminated with more than 80% of normal DHA. 

Denaturing gradient gel or the RNase A methods 
can assess long stretches of dka for mismatches, 
however, those methods are not as sensitive a, the 
ligase method because th;y are estimated to test 
only about half of all mutations that involve 
Single nucleotides. Furthermore, less than half of 
all point mutations give rise to gain or loss of a 
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restrict! n enzy»e cleavage site l-„h 

I*ndegren et al. 

(1988) fifiignss, 241, 1077-1080. 

All Of the .etncs .entioned a.ove ca«,ot 

rei.a.1, .etect a .ase Change in a nucleic aci. 
Which is contaminated with »ore than 80% of a 
background nucleic acid, such as normal or wild 
type sequences. contamination problems are 
sxgnif icant in cancer detection wherein a ^u^,„, 
cell, in Circulation for example, is present in 
extremely low amounts. Thus, the methods now in 
use lac. adeguate sensitivity to find poetical use 
in a Clinical setting. it is desirable for an 
-say to have a sensitivity of less than 20*. that 

is, capable of detecting a varian* 

^ * variant seguence that 
15 comprises less than 20% of a samni- - 

* or a sample, and preferably 

less than 10%. 

Accordingly, ^ . ^ ^ ^^^^^^^ 

"a accurate „„y ,or ^, 

.^tc.«, ..ie. .„« „« ^. ^. 

X^l.. do.. „« „^i„ , ^ 

»"P1., U not l.bor i„t.„.i„ 

i. particularly .<,v.nt.,.o„. t, ..3,^ ^. ^ 

.«.itivity o. a.t«tin, . .in,l. , 

DKA sample contaminated hv ub 4 - 

^ *'y «P to, if not more than, 

25 about 99% normal DNA. 

There are a class 

Class of enzymes that repair 

mismatches in nucleic 

ucieic acids, and particularly in 

DNA. Suitable enzymes 

nzymes, for example, are those 
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Which specifically cleave nucleic acid strands near 
Bxs^tches. s „e of those enzy.es have nucleic 
acid glycosylase activity as well as apurinic or 
apyrimidinic endonuclease activity. 
5 For example, a ^ methylat ion- independent 

pathway in e. coli acts unidirectionally on o/t 
-tisBatches to restore the g/C pair at the second 
position Within the sequence 5.-cc(A/T,GG. Ueh 
C"85, jfel. Gsiu Ssnst., 101, iia-125. The enzy»e 
10 involved With that repair function has been 
expressed as a fusion protein. HemiecJce et al. 
(1991) liafiUS, 353, 116-118. 

Wiebauer a ji^icny (fiajja^ (1989) 339, 
234-236; ttas.lIatl.Aal.5fii. (1990) 87,' 
15 3842-3845, reported an enzy». obtains, from HeLa 
nuclear extracts capable of correcting g/t 
nisMtches almost exclusively to G/C pairs. 

A dan-independent repair pathway specific for 
A/G mismatches requires expression of the e. coli 
20 fflsfflc gene product. Lu * Chang (1988) SSDS^., 108, 
593-600; Tsai-wu et al. (^i, ^ 
1902-1910. The repair mechanism is unidirectional 
r.«ating in an A to c conversion. The enzyme 
responsible for the rep;ir activity both binds 
25 specifically to K/a mismatches and cleaves the 
nucleic acid at either side of the adenine residue. 
There are no incisions on the other strand. The 
repair system is proposed to convert A/G mismatches 
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to a c/G base pair. ru * r.w 

f ^r. Lu & Chang (igas) cen sa 

805-812. 
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SUUar .p„i,j, 
^ve £0™, i„ ^ ^^^^^^ 

i^s^a^. ^^^^ ^^^^ 

Th. .u-typ. ««,c„ucl„.. 
h.r.i„^x» o^i„^ ^^^^ ^^^^^ ^ 

" ««.«nt 

oisnatches. 



CZfiH 



It X. ,„ obi«t Of th. l„.t«,t 

^^in, ^^^^ 

..q«.n=.. p«icul„ly ^ 

M gWKMle UNA sequMicM. 

Another obJ.=t of tl« i„.t„t inv«,tlon i, to 
previa. . ^ t<u„ti,yl„, th. „ucl.otia. .t 
• .P.=i«= .it. i„ . ^ei.ic .eia .ith«t u.i„, 
sequencing nethoda. 

Th... ^ oth«: obJ«:t. „„ .tt.i„«, tto,^^ 
d„.lop„„t o, . ..^,0^ ia.„ti,yi„, . 

nu=l.otia. b... at . .i„,x. .i,. J, . ^^^^^ ^^^^ 

comprising: 
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(a) Obtaining single stranded target 
nucleic acid sequences; 

Cb) hybridizing Oligonucleotides 
comprising said site to said single 
stranded nucleic acid sequences. 
Wherein said oligonucleotides may or 
not be complementary at said 
site in said single stranded nucleic 
acid sequences, to form 
oligonucleotide-target nucleic acid 
sequence hybrids; 

(c) exposing said nucleic acid sequence 
hybrids to an enzyme that binds to 
nisaatch bases to form 
enzyme-nucleic acid complexes or 
that cleaves one strand containing 
a mismatched base pair to produce 
cleaved fragments; 

(d) determining the presence of said 
•nzyme-nucieic acid compl«ces or 
said cleaved fragments; and 

e) identifying the nucleotide base at 
said site by virtue of whether a 
reaction with an oligonucleotide 
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torms a co„piex r produces cleaved 
fragments . 



10 



15 



20 



nu=x.ic .ci. 

nucleic ,ci., «,„.^ ^ 

"id third 0U^„„cl.<,tid« eo.^ri« A. T, 5 or c 
« «td Site. „d ..id ^ ,^ 

=li,a™«.otid« co^ri.. .t .aid .it. . ta« «..r 
««n t.«t .Kich ny.ridi,„ 

condition, vit* th. .... ^^^^ 
"d said third oligonucLotid... 

Th. i„.t«,t i„v„tio,, .!„ provide, a «thod 
'or id.«i^i^ . ^. ^ ^^^^ 

a nud.ie acid conwi^ing: 

(•) obtainin, ,i„,i. .tr.„d.d tar,.t 
nuel.ic acid ..quwicM, 

(b) hybridizing „«:i,i;, .^j^ tr.,».„t. 
obt.iMd fro, wild typ. cll. or 
oligonuoUotid.. coiipri.i„g ..id 
sit. to s.ld .ingi, rtrMd«l nucleic 
aeid .«qu«ne.., wh«,in s.id 
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or oU,o„„,,.„,^ 
"»y or „„ b, o ■^x™^..^ „ 

=.q«n«, to for. rra,««.t^„ 
«" hybrid, „ 
=U,onucl.otld..t«,.. „„cui= «ld 
hybrids; 

(c) exposing said nucleic acid hybrids 

""'^^ specifically 
to base pair aisaatches to form 
enzy»e-„ucleic acid complexes or 
that Cleaves a nucleic acid strand 
to produce cleaved fragments; ^ 



15 



20 



25 



or Mid el«ved tr.,«„t.. 
T.. i„«,„, ^^^^ ^ 

- --cti^ - - a wUd 

-1.1c .cid o^i^ ^ ^ 

-^"-^ ^ ..,d 

.«o„d „«cl.i= .„ ^^^^^ ^ 

ZTJ" .upx„ i, e«po«d to „ 

binds to . ^„ ^ 

" -^^^^ — 'irst or sacond 

-1«= «id to .or. cx«v«. fr.^„^ ^ 



wo 93/20233 

PCr/US93/02329 

^.t.„i„i„, ^. ^^^^ 

=l«v« ..^^^ ^^^^ 

Obtained from a wli^ t-Tw,^ 

wild type cell or synthesized. 

The instant methods can he useful i„ 
detection of genetic disease, cancer and genetic 
variability such as nonnal polymorphisms. 

Determining whether cleavage occurred can be 

accomplished in a varietv ^ 

variety of art-recognized 
methods. Thus . ^ ^ 

f»^«.t l.„^ 

«^ »p. ^. „. ^^^^ ^ 

..ctut.t. <.i.cri.i„„o„ c« th. r«=tion products. 

•»-PX.. by l.b.ui„, «. ..^^ 

tw. .it„ on .iti,.r .i.. o, fr^, 

for example, the doubly lah-iio^ , . 

wuoxy labelled nucleic acid is 

20 fixed to a solid support at on- «^ . 

pporz at one end and following 

the enzymatic reaction with ♦•k- 

eaccion With the mismatch enzyme and 

a wash, presence of both labels or one label, that 
on the end fixed to the solid support or that 
washed away, is assessed. The labels can be the 
25 same or different. p^ferably the reporter 
molecules are non-radioactive labels, such as 
enzymes or dyes. 
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Detection of mismatches can occur als by 
determining the presence , enzyme-nucleic acid 
complexes, for exa^ie, by analysis on a native 
9el, gel retardation assay, essentially as 
5 described in Pried . crothers im^ ^ 
(1981) 9, 6505-6526). 
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25 



OM Qi- imwm^^ 



The instant invention relates to the use of a 
Class Of enzymes capable of mismatch detection 
and/or repair to detect single base pair mutations 
xn nucleic acids and particularly in ia«, such as 
in genomic DM.. Any of the class of enzyme, 
capable of identifying or binding to a site of a 
base pair mismatch and/or cleaving at or about that 
site can be used in the i„»tant invention. 

me instant invention finds utility in the 
diagnosis of genetic disorder, that arise from 
point mutations. «any cancers, for ex«nple, can be 
traced to point mutations in Jcinases, growth 
factor,, receptors binding proteins and nuclear 
proteins. Som. of the disorders include cystic 
fibrosis, xeroderma ' pigmentosum, ataxia 
telangiectasia, Bloom's syndrome, the 
hemoglobinopathies, such a, thala„«ua and sickle 
cell disease, other disease, that arise from inborn 
errors of metabolism, such as phenylketonuria. 
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=«. dystrophy, ,p.ei£i= ,.„.. .„ . " 

genes associated with 

cancer, such as dcc, nf-i 

^ Will's tu.or gene and 

gene, and varxous oncogenes, such as 

acxds Of a variety of cells t^^ 
ceii« example, blood 

cells, amniocytes, that is cells . • 
in . ceils found in the 

r:?:/^"^^' — --elis Obtained 

111 7 - — c 

can he riho or deoxyriho nucleic acids 

oouhle stranded nucleic acids are rendered Sing, 
stranded using Known techniques. 

The ter., -hase pair mi^atch-, indicates a 

base pair conbination that generallv d«- 

"f^^^^J-iy does not form 
in nucleic acids under nom^n * 

unaer nonaal circumstances. . Por 
example, when dealing with th- ^ 

In n». ^* commonly found 

DNA, namely adenine, guanine cvi-o . 

20 thymidine, base oair . '"'^ 
base pair mismatches are those base 

combinations not including the A-T and cc pairs 
norMiiy trnta in dna'.. 

*- u.«, .e«p,^^. ^^^^^^ 

n,™x ^ ^^^^ 

3tr.nd. but „y , ..^^ ^ ^^^^ 

A. u.«, herein. -oli,onucl««i^.. i^j^,.. 
•ny .hcrt « „„,,.^^ 
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a. a . ^^^^ 

' " '»^"t, or 1. .„t.e3i,« vi^. 

« th. «... ^^^^ 

^tm. ^. 

that ...crib« 1„ X. . ^^^^^^ 
w»i* „co^„, ^. ^^^^^ 

as MutY (or KicA) . 

us.m in ^^^^ i„ 

a -the ,cr obtainin, th. v« ^«tc. .„.^. 

T-. Va ^«„t« ^ ^ 

H. cou, .„ch ^ .ud typ. .train 

th. »^ie.n T,p. cultur. c»u«:ttc. 
CXI. ly..a in . ^ ^ 

co^risin, .tc« IS « ,ri.-Hcl, pH 

tout o.i « ,.5 „ ^ ^ ^; 

o.l«.P«SF ,B„„„„. ™. call. .„ ^ 

° ^ ^mt. i. 

««ri(a^tio„ ^ th. «p.„.t.„t 1. tr„t«. 

»♦ (w/v, .tr.pt<»^i„ .ul£.t.. ^ 
Wubl. „t„i.i i. ^ ^^^^ 

" tin aupnnatuit to a 
" "-"traticn o* a.«.t 3„. ^ pracipitat. 
Obtains, t.«:„ro. i. .„p.^^ ^ ^ ^^^^ 

above. 
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The suspension is diaiv,«H 
. ^ aialyzed against the 

-ov™ ^. ^^^^^ 

in a 3„ua.x. „ 

comprising about 20 aiN potaaai™ «k« w 

P^^^siuffl phosphate, pH 7.4 
-ut o.s «. ox,. ^ 

0- PHSP. =ont.i„i„, ^ ^^^^^ 

Chloride (Buffer b) . 

The resulting solution is passed over a 

Phosphocellulose column and th- « 1 

and the column is eluted 
with a linear gradient 

graaient of about 0.05-0.5 m 

pot„.i„ Chloride 4„ .^.„o^ ,„„^^ ^ 

H P«.«iu. caona.. ^ 

a hydr«cy.patlt. col™. .^ui*r.t«. with th. .™ 

B a. „ot«. .hov. .^p, ^ ^^^^ 
P^caphat. =o„c«,tratio„ i. x. „ ^. 

-tarn. 0.01 M pota..i» ohlori... ,h. =ol«„ 

•^"t^. With a li^ar „a<,i.„. „ 

P^oaphat. ,pH ah«.t o.oi-o.. m, =o„tai„i^ 

0-5 « WT aM 0.1 „ 
obtainaa (ro. th. colu„ oa„ ^ 

Alt.r»tiv.ly, th. .luat. r„rth.r i. «alyz«. 

against a buffer coBpriain« -k- * 

comprising about 20 bm kpo 

CPH '.«]. about 0.1 m EDDi, about o.s « 
•^«t 0.5 M K=l, about 0.1 « PHS, a«, «.o„t loi 
(Vv, glycerol ,b„„„ e, . ,h. dialyaat. i, 
appu.1 to a bepari„-.„ro« colu™ ^ elut«, .1th 
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. O.X-O.. K KCa ^. ^. ^ 

n.=M„, .ctlvlty « „.3, ^ ^ 

fraction, .r. <.i.iy,« .^^^^ ^^^^^^ ^_ ^ 

rMultin, MdonuclMM pr«»ratl™ • 

P"paratioii is purirua 

= about 1,500 fold. 

Th. product ot «„ „tY (or .tcA, locu, 
« B. coU i, ^^^^^ 

"ttnatio„-tM.p«««,t „p.ir ^.^tehe.. 
"^«>c o, th. «tT locu. 

^ • Pr«.ln « about 3, M 

-oi.c«lar w.i,ht wwcb cam.. 
.l.»tc»-,p,cmc „io*l„, activity. T«i-^ « „ 

.U sastttiai,, 17,, i,os-«io. Tb. 
r«»^ina« can b. u«d i. th. practlc of 

" tl>« Instant invmtlon. 

a.t«ianatio„ Of wbathar an ...^ 
the r.,ui.it. cbaractariatlc 1. obtain*, can raly 
.i«»r on tb. capabUity of a protain to bind 
.P.cifically to an v« .l«tcb or on tb. 
capability to daav. at or about an v« ^«.tcb. 

By «y Of «au„,l., tb. bybrid of pba,.. fi 
«2, and «. ba. an vs .i^tcb at poattlon 5«l. 
Bo-c. ,l,.i, ^^^^ ^ 

.1. Bttl. asi., .0, 4«,-4.43. 

Thu,, a nucleic acid fr.,«nt containing po.ition 
5621 can be u,«i in . protein-nucleic acid binding 
or niclcin, ...ay. »lt«mativaly, t«. «u,.aled 
Oligonucleotide., ^. i„ . oomicially availabl 



20 
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one .«.„,a position „ .^^^^ 

o.„ use. „ . ..t„„.„p,« 
•n »/G .i.„t=h in th. notM ....ys. 

a bindin, ass.y, p„t.in s«.pi.s ,„ 
incubat.. .it. i^u.a n„cieic soi. ,,s^.„ 
containing, .ocordin, to t*. «.s^,, 
-i=«t=h axon. With no,.l„«x«,, „o„-sp«i,io 
'""^ - -P".- Crti... .t ,x 

" ^- p„,.;: 

."PX« «, incubatM .io, i„«i«, 

•cid in . bu,f.r co^risin, ab«.t 20 « Tri.-HCl 
(PB 7..,, ^ „ ^ ^ ^ 

.bout 2.,» ,i,e.„l .or ..out „ „ 
30.. ^"Uowin, incubstion, th. «^i„ „. 
to . poiycryl^id. ,.i <.^, „, 
"ren^ bu,e.„ , „ ^ 

•bout 3 sodiu. aooft. .bout i « KDTA,. 

Prot.in-nu=l.ic .cid =o^x.„. .^^.^ .^^^^ ^ 
20 nucl.ic .eid £r.9B.nts .Ion.. 

-iclcin, .ctivity o« b, d«.x.in« in . 
,.«,ion d.t.r,inin, th. 

prot.tn-nucl.ie ,cid =o»pi„... ^ 

in=ub.tion p.riod, th. nuol.ic .old s»pi.. ,„ 
» d.n.tur.d, Jor ..„pi., 

to ,or...id. or both, .„d th.n th. s^pi.. .„ 
appli«i to . st«„J.rd d.n.turin9 POly.=ryX.,id. 
9.1, tor .«,pi, stout at vith .bout , H ur«, for 
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«.cl«ti „. s„cc«„ul „ 
fragment. 

A T/G-3p.cl,lo .™iom«l«.. c„ be det.ct«, 
« T/G .a=Mtch-=ont.lni„, „„ei.ic acid. 

..^tc. ^ «. „„,,.,^ ^^^^ 

'nzy^ cont^^^ ^ ^ ^^^^^^^ 

purified, such as the "all tv«— 

«e all type- enzyne froa Hela 

cells, calf thymus and yeast ^-n . 
• , cells described 

SaSllL., 266, 6480-6484. 

.n3y« c„ ^^^^^^ 

»t.«on.. ^, ^^^^^ 

(P«. predict. ,™ ^ ^^^^ 

".Clio «id. c«. b. hybridize. t.««, ,,,, ^ 
au typ. «„y„. B^„. 

^ id«,ti„«. .It, ,,„„^ em=l«„i„ ,^ 
=«>«enc. «„i„n«nt „y ^„ „ 
C1..V.,.. i.bii^ ,,„,^^^ ^ ^ 

"»=l.ie .dd. „ PCH products c„ b. „«d. 
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" i„ th. ca., ^. 

activ. on „ot only nucleic acids of th. . 

"ost. E. coli, i, actl °' •■"'°'«»'» 



10 



15 



20 



25 



ca.. o, vc .i.^^ ^. .^^^^ ^ 

^ " -t." V« .i.«tc... in ,^ic„u„„u. 
^.n.„cial .p^ia. ,n Hu^, .^^^ 

' ^"=-'V «..bl.s th. <u.^i. o, .i^,, 
P.ir .i.„,c... or .u^tion «.t can ,iv. .is. ^ 

**®^®'*i^ious alleles 

axieies and diseaaa states. Species 

•Mcificit, ac. not app... to ^ a c.a.act„i.tic 

^,„,o<, „pair 
".trlction «.onucl„... a..„,,.,,^ 
DNA of any species. 

»cco«in,ly, in on. ^ 
-.ntion r.l.t.. to . ^o. o, a.t.ctin, .p.ci„c 
nu=l.ic acid station, wit. a ^«„tch «.y„. „oh 
•» th. v« .i.«tch .n.y«, ^„ ^ 

*«."in. ^^^^^^^ 

•^r«nt au.l.a in a nucl.ic acid, .uch ,. 
'"=1= 0». o, an ani«l or a p.ti.nt. 
^nclud. pranatal dia^.i. or ,.n«ic di«... or 
th. id.nti«ction or l.t.nt ,.„.tic di...... that 

" lo« p.n.tr«,c. or delayed 

.«pr..sion. ™. ^ 
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-enti.u, a. ...cri.« ^^^^^ 

a patient .u.pe=t.d <,£ c,r.yi„, , ^^^^ 

=« be Obtained, po„ibly clrculatin, ceUe sucb as 

lympboctes or by biopsy o£ . 

nucleic ad., ,ro. tbe cell, .„ ^ 
specific region optionally can be «^ii„,^ ^ 
bybridl«. witb no™i or wild type nucleic acid or 
with a .pecifio probe, i, „.ce.^, ^.^ 
an approprut. r.«rlction e^lonucle... to provide 
" a fra^t containin, tb. .„.p.ete<. base pair 
«l».tcb or station, expoeed to a ^.„tcb en,y« 
and eitber tb. bindln, aseay or tb. nic^in, a.«y 
is conducted. 



15 



20 



I- tb. bindl™, a«ay and niclcin, a...y 
Ce^ribed ber.inab.ve, tbe preeence ot tb. 
Prot.in-nucl.ic acid co^i.. or of the cleaved 

fcagaents can be deten><»,4 4 

"atennined in a nmaber of 

art-reco^... .etbcda. .„ ,„ ^ 
=rotb« il,^^^ 

«c„pi., tb. nucleic acid in tb. bindin, a„.y 
can be t.„ed witb . r^lioactiv. label, aucb a. , 
radiol.b.u«, baa. ,in tbe nicking a«ay, .itber 
tb. probe or tb. tar^t je^iUc nucleic acid can b. 
labelled to d.t.riUn. if cl«va,e occur., and tbe 
respective „i.cular „.i,ht. and nidation 
distanc« ar. inf.rr«i tberefro. foUcin, a 
..paration and/or a sizin, proc«lur.. aucb as 
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ITT"' " ' - 

in a cunlcl s.tti„, 

^ ^^^^ 
la..U« „p,«„ ^,.„,„_ 

„, . • « th. approprlat. 

==l=r«.tric or =h.^x^^.„, ^^^^ 

15 phosphatase conjugate and 

nh«««K . appropriate 
Phosphatase substrates. X^i,en..ppc is a suitable 
substrate distributed by MiUipore, MA. , . 

Similarly, it also is possible to use bases 
are laballad „i»k 
l-«..c.„t. ^ ^^^^^ 

'cui ..^.^tor. c„ th. u.. c th. c=-o„ 
ba... .ach lab.la«. »ith a bavin, , 

color .i,„.t„„. :«^„^^. ^. a.t.r,i„abx. i„ 
. U^t. acihtUlation =ouht„, l»i„o.„„ „ 
th. ua. Xi,ht-..„.xtive 

Of l»lh..=.„t co^o-M. Which =«, b. u«i includ. 
nuor..c.„t cc^o^. ,^ ^^^^^^^ 

i.othi<,cya«t. that „it u,ht upon 
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excitation and chemiliminescent compounds that emit 
light as a result of a chemical reaction, such as 
the use of rep rter molecules comprising dioxetane 
derivatives (PhotoGene«, BRL, md) . 
5 In another embodiment, particularly when using 

the nicking assay, the nucleic acid to be labelled, 
either the probe or the genomic target sequence, is 
labeled at both ends, that is on either side of the 
mismatch. The label may be the same or different. 
10 For example, one end may be labelled with biotin 
and the other end may be labelled with a 
luminescent compound. 

Thus, an intact molecule comprises both labels 
whereas a cleaved molecule yields two subfragments, 
15 each with one label. For example, using 
fluorescent molecules that emit at different 
wavelengths or dyes of different color, a nucleic 
acid can be so labelled and the determination of 
whether cleavage has occurred is assessed by the 
20 presence of both labels in the sample or of only 
one label, for example, after a washing procedure 
wherein one end of the doubly labelled nucleic acid 
is affixed to a solid phase enabling the cleaved 
fragment carrying the second labelled end to be 
25 removed by a washing procedure. if identical 
labels are used, then the determination is whether 
a "single dose" or a "double dose" of label is 
present following the washing procedure. 
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Acc rding to the assay system using the N-ras 
gene, the sensitivity of the instant assay is at 
least on the order of i%, that is the assay can 
detect tumor cells that are present in a 99% 
5 bacicground of normal cells. Thus, the instant 
assay can identify a sequence variant found at a 
frequency of one variant out of a hundred. 

Accordingly, it is not necessary to obtain a 
specific biopsy section or to purify a cell 
10 population prior to use of the instant assay, such 
as by flow cytometry. The instant assay enables 
the detection of a genetic disorder using 
circulating cells found in a routine specimen. 

in another embodiment, the invention 
15 contemplates the us. of enzymes that recognize 
specific base pair mismatches for determining the 
id«ttify of a particular base at a mismatch site 
Whether the mismatched base pair is one of the 
pairs that is recognized by the enzyme or not. 
20 Four possible oligonucleotide probes are 

synthesized to span the site of interest. Two of 
the probes correspond to coding sequences of the 
gene of interest and another two probes are 
complementary to the aforementioned two probes. 
25 The strategy is outlined in Table. i wherein probes 
I and II represent the coding sequence probes and 
probes III and iv represent the probes 
complementary to probes l and II, respectively. 
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repreawits the labelled strand 
use 5. end-labelled oligonucleotide probe 
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in th. «„pu 1, , „^ 

occur, „ „ 

' "I Table a. are «^-lab.U.. at the 5. 
"K-. *=r .xa^u, wia, 
procures. p„,„ 

xn hybrt<,l«tl=n reacts „,.„i„ 
tbe ^a„i„e-contai„in, ,it,„ ar. u... ,p„^ „ 
XV,, ... ^^^^ 

labelled. 

Th. t.r,.t nucleic acid ..^..ce i. 
=-^1. .tra™... a« ^ ^^^^ 

1. individual r.actlon v...«. ^ ^^^^.^ 
f=r»tion. O^ln, on t». ..^ce Of u,. target 

n«X.l= acid at t.r,.t aite, tb. varlou. probe. 

"Ul ,en.rat. «th.r » „ , ^^^^ 

.i«.tcb a,t„ nybridi„tion. The r..ultin, 
a„pl.„. „. ^ ^^^^^ ^^^^^ 

^ " VO .i»at=h tb. T/c 

^«.tcb ,„i^„„ . ^^^^^^ 

"'. ."4-236,, tb. all-typ. e„y« „^ „ 



25 



261, 6480-6484) or 

coMbinatlon. of ..v.r.1 different ^. 

nucleic acid fra<,„nta foUowin, incubation are 
iO«.tltt«, b, denaturing ,.i electrophoresis. 

Any nucleic add with a .pacific «™tob, in 
the ca.es noted above, an A/G .is«,tcb or a T/G 
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mismatch, can be detected and localized by the 
presence of one or more subf ragaents . Thus, in the 
Example of Table i, using the a/G mismatch enzyme, 
if a lower molecular weight fragment noted in the 
reaction with the target sequence contains an 
adenine at the site of interest. Table i, line i, 
a digestion product, that is a subfragaent, will be 
Observed when the target gene is hybridized with 
Oligonucleotide iv. if the target site is a c 
(Table 1, line 2) , a subfragaent will be found in 
the duplex in which oligonucleotide i is used. 

It is not essential that all four reactions be 
run concurrently to identify the base at the target 
site. The individual reaction, can be run 
sequentially, or in any combination or order, as 
identification of the variant base could occur in 
the first reaction based on the unique pattern of 
reactivity for each oligonucleotide. 

in another embodiment, the invention 
contemplates the use of a general mismatch enzyme 
that is not restricted to a specific mismatch, that 
is, the enzyme is not restricted to recognizing 
only the VG mismatch, for example, such an enzyme 
has been obtained from bovine, yeast and human and 
the enzyme can nick at all eight base pair 
mismatches. Yeh et al. (1991) sIbL. fihfflU, 266, 
6480-6484. Thus, the general (all type) mismatch 
enzyme can be used to compare suspected mutant 
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nucLic acid wltl, wild typ. „ucl.i= acid or in a 
nrst scr«„i„, for any «.tatio„ bacau.. the sit, 
b,.. at that Sit. not be ,cnc«n and only a 
sxn,I. cll,onucle«ld. prob. or the -utant and 
5 n=™i nucleic acid., relative te the target sit. 
n.«i be „a.d. i„ ^^^^^^ 

"^i™, th. artiaan ™.t con.id.r that di«.r.„t 
■is.atch« nay b. r«=o,niaed with different 
."iciencie. and that nei*borin, se,„.„ee 
" .nvirc„«nt could have .o« .ff.ct on bindin, and 
=l..va,e. Heverthele... the ,e»«l .i.^tch 
"donucleae, retains th. p.,p.rty of cLavin, only 
one of the strands. 

TO overcome strand specificity that could 
15 hinder the detection of a base pair mismatch, other 
»xsmatch enzymes, topoisomerases, glycolases and 
endonucleases. or combinations thereof, can be 
included in the screening of „„cieic acid 
mismatches. Griliy et al. (1990, Matat. Bsa. 236, 
20 253-267. 

An example of a general mismatch endonuclease 
is one Obtainable from calf thymus nuclear extracts 
by a modified method as described in Dignam et al. , 
Nucl. Acids Res., 17, 2437-2448, 1989). Briefly' 
frozen calf thymus (about 500 g, is thawed under 
running cold water, sliced and cleaned of 
connective tissue and vessels. The tissue slices 
are placed i„ solution A comprising about 0.2 k 
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=h....=lo«, p^.,., ^^^^^ ^ 

3«™n ^„„^ ^ ^ ^^^^^ ^ ^ 

-P-na.. ^^^^^^^ ^ ^ 

T "* . J 

comprising about 20 bm kp© 7 ^ v 

**^«' P« 7.4, about 0.1 nM 

abo« O.S m DTI « 0.1 „ PHSP 

in th. « „ 

" «Ploy«.. T,^ 13,,.^ 

I, ^ „ ^ ^^^^^ 

0.« H H.CX. „ ^ 

^ «, «SP 3b«t 0.5 ^, 

»1M<1 »la. about 440 al Of bu«.r . , w. 

ot ourtsr A (about 30 aM 

"0.. PB ,.4, abo* o.s « o.xmta^ 
« PHSP, containing about o.05 H KCl 
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.„ur. ^^^^^ 
«=h.n,. coluM, such „ a uo ^ b1o-«« ,o coI„„ 

about 0.05 mM kci • 

KCl. Following a wash with the 

e.^Uihratio„ h«f far, th. colu»„ can .e elute. with 
a Unear gradient of KCl (aiK,ut o.i-x.o m, in 

suffer A. fractions containing the general 

».s»atch endonuclease, which eluted at about o.a m 

KCl, are pooled (Fraction ii) . 

motion II o„ ^ .^u«. to , ■.ydro:,y.p.u.. 

col™ e,„uib„t« rtt. b»„„ » ^ 

M KCI. .^Ui...tio„ 
*u«.r. th. =olu„ i. . ^^^^^ 

of pot...io, pho.ph.t. <pH ,.4, ..^t O.OI-O.. „, 
co«.l,I„, 0.5 K DTT , 

»=tiv. r„oti,„, .1.^ 

phosphate buffer av-o .i.^^! ^ 

urrer, are pooled (fraction iii) . and 

dialyzed against buffer A. 

a,.ro.e ooi™ „a wth. ,or .x«ple about 

froz« In s«u .u^. ^ .^^^^ 

■*™«" ot .naonuoloa.. 

m the fractions can be dat-T-m4»-4 

«« DB aeterained •ssentially as 

» abov. tor th. VO-.p«:l«c ««,onucl„.. 

usin, th. nuclelo aoid binding .„.y „ 

assay with the approoriat- n„^i«4 

ppropriate nucleic acid fragments 

containing a mismatch. 
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xnventi „ ^ ^ 

l'""-""-^"--^"-'-^.... una... 

Otherwise indicated all anounts a~ 

•wBouncs are either as (w/w) 
or (w/v). ' 



10 



15 



s.. ,cr B^^ce . cr»t^ 

i^. a2, ia5,-x,„, . ^^^^ 

iMT. au^ as., ^ 

^= prtor t, ^. ,u,c,uel«tld. d.„ot.. „ 
^ (SBO 10 ^ 

■»» With .„ v« .i«tch .t po.Uion 
in th, radoTOclMM away. 
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Table 2. 
Chang t^2f 



Chang < ^i^ 



Sequences f oligonucleotides' 



103bp left priaer ^•^"^AAACCTGTTTCTTGGA 3' (SEQ ID KO:5, 



107N K-ras-61 
probe 

Chang 
£1 



£2 



103bp right prlaer ' '^^^O^^eAGGAAGCCTTCG 3 • (SEQ ID MO: 6) 

5'TGGAC.TACTGGATACAGCT3. (SEQ ID NO: 7, 



£2 

48bp left priaer 



48bp right primer ^'^«^«»CACTOTACTCT 3. (SEQ ID NO: 8) 
2l0bp left priaer ''^sJfJS'JSfJf CAAGT 3' 
flObp right priaar 2' 
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10 



15 



20 



25 



A h»«, h.p.t ^.^ ^^^^^ 

HB 8065, obtain. . ^. 

CAA to CTA. Hsu et ai 

«t al. (1990) aa£^ ^ 

^ ^ ES^, 31, 30.. K-ras-ccntainin, 
nucleic acid f.a^e„ts fro. nor^i cells an. ,.o» 
Hep-C2 cells were a^xin.. by pcr „.i„, 
appropriately configured pri.er Oligonucleotides 
(SEQ ID N0:5 and SEQ 10 ko:5, . were hybridized with 
a co^ie„e„tary io7 hase pair probe and then 
«P08ed to the A/G nisaatch e„zy«e. 

The 107 bp DNA (SEQ ID N0»3\ 

M na,3} probe coa^rises 

codons 48-81 of IT 

n«cl«tld„, .t ^ ^ 

.t««d to ..TV. „ a t«.pi.t. ,or ^.p^ 

T/o .M «, v= .i«.tch with th. nor„l 
■™» ' 0116«t (IMO) Itetl^ , jj, 

«S, 499-;c0. 

I-HM containl,,, tiMor ONA pcttmtM . «« ba« 
pair ».cl«.tld. ciaava,. pro^ «Mch «. „« 

1^U«. prob. Of 5, baa. pair. (s«, id ho:4, va. 
>»ed ««, pri^ 3 «K. , ,319 ID ana 
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SEQ ID NO: 8) were us^a 

were used to aaplify the target 

sequence, the saane results were found, that is a 

nucle tide digestion product f the A/r • 

r the A/G mismatch 

enzyme, in that case 5*; h«» 
- ^' P=«S' was found in 

the samples of tumor ONA but not in normal DNA. 



10 



15 



20 



TO <..t.rM„. th. .^itivity ot th. ^tcfc 

tr«^n^ Of H^., ^ 

P»b, ,SE, ID H0:„ „ , ^^^^ 

XVbrid. =„^,i,i„ ^ ^ 

colt VG .Mon«cl.„. „ tf^arib*, » 
«»cl„= „ ^„ ^^^^^^ 

a.t.=t,bl. « th. vso «x«ion. B«.u.. th. H-r.. 
Xocu. 1. h«.„^„™. ^. 

*lch th. w»ie DHA «.. Obtains, th. i. 
"«-iti». up to 1 p.rc„t, that i. t«i«.r c«l. ,„ 
P».«t i„ only on. p.„.„ „ ^ ^^^^ 

background. 
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^ in ^1 . ^^^^ 

i. h.r 1„ t„c<,rpo„t« by 

th. that i^entl™ d„orlb«. n™,„ 

spirit ^ 3CCP. ^. ^^^^ 

ac^ncwx^ that 

a«moiistr.tiy« only am ,-. „ 

J "no an not aaant to b> 

liBiting. 
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1. A method for identifvinrr » 



(a) 



Obtaining single stranded target 
nucleic acid sequences; 

(b) hybridizing oligonucleotides 
comprising said site to said single 
stranded nucleic acid sequences. 
Wherein said oligonucleotides nay or 
10 ""^ co»ple.«,tary at said 

site in said single stranded nucleic 
*cid sequences, to for. 

oUgonudeotide-target nucleic acid 
sequence hybrids? 

» '•i'^ nucleic acid sequence 

hybrids to an en«y«. that binds to 
»is«atch bases to for. 
an^yi—nucleic acid complexes or 
that Cleaves one strand containing 

10 \ »l«natched base pair to produce 

cleaved fragments; 

datermining the presence of said 
anzy«e-nucleic acid complexes or 
said cleaved fragments; and 

identifying the nucleotide base at 
said site by virtue of whether a 
reaction with an oligonucleotide 
forms a complex or produces cleaved 
fragments. 



(d) 



a) 
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2. Th method of claim 1 wherein 
aaenme-guanine base pair. 

specxfxcally bi„ds to or cleaves at 
thymxdine-^iiianine base pair. 

„««i ^' said 

detectable markers. . 

5. The method of claim 4, wherein said 
detectable marker is a radioisotope. 

detec^i.""* v"^"" ^^-^^ 
detectable marker is an ensyme. 

d«*J'K, said 
detectable marker is a dye. 

8. The method of claim 4, wherein said 
produces cleaved f ragm«,ts and each cleaved 

fragment Is labeUed with a different detectable 

9. The method of claim i, wherein said 
mzcleic acid seq„«,ce. are compleaeatary to 

-c^ ^other and obtain«l from a double 8trand«i 
5 f!^ ••^^ «"9«»«cleotides comprise a 

f i«t and a second oligonucleotide ce»plem«itary to 
a first single stranded nucleic acid and a third 
and a fourth oligonucleotide complementary to the 

fourth Oligonucleotides comprise at said site a 
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base other than that base which hybridises under 

n nnal conditions with the base at said 

said first and said third oli, nucXeot:de3 " 

10 • The method of clai™ o «w 

said second and said fourth «i 4 «»entary to 

5 labeled. oligonucleotides are 

11. A method for identifying a base 
»xs^tch at a Site in a nucleic acil co^^Mr 



(a) 



(b) 



obtaining single stranded target 
nucleic acid sequences; 

hybridizing nucleic acid fragments 

Obtained from wild type cells or 

oligonucleotides co>iprising said 

site to said single stranded nucleic 

10 sequences, wherein said 

iragaents or said oligonucleotides 

My or »ay not be complenentary at 

said site in said single stranded 

»«qu«,ce, to for. frag«mt-target 

15 nucleic acid hybrids or 

oligonucleotide-target nucleic acid 
hybrids; 



(c) 



exposing said nucleic acid hybrids 
to an enzyne that binds specifically 
20 P*^' -isMtches to form 

enzyme-nucleic acid complexes or 
that cleaves a nucleic acid strand 
to produce cleaved fragments; and 
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(d) determining the presence of said 
complexes r said cleaved fragments. 

nuclei'' °' "''^ ''^•"in «ald 

detect ''^''^ or more 

detectable markers. 

detec^aM °' "'"^ ^•"i" «aid 

detectable marker is a radioisotope.. 

dete^^!:, °' Wherein said 

detectable marker is an enzyme. 

det °' said 
detectable marker is a dye. 

enzv."* «f * "•'^'^ ^''•^ ^-"i" said 

ft^^t is labelled with a different detectable 



17. The method of claim ii, wherein said 

enzyme binds specifically to li ^" 

* . i«c*iicaxiy to or cleaves at the 

adenine-guanine base pair. 

en«v»";. ?• ^'•^ "id 

-^e binds specifically to or cleaves at the 
thymidine-guanine base pair. 

19. The method of claim ii, therein «ad 
«^ bind. sp«:ifically to or cl«ive. at a base 
pair mismatch. 

20. The method of claim ii, wh«rein said 
target nucleic acid is obtained from a patient 
suspected of having a genetic disease. 
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